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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
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A PARACHUTE RECOVERY TEST OF A FULL-SCALE FREE-FLIGHT 

MODEL OF AN AIR-TO-SURFACE MISSILE WITH RECOVERY 

INITIATED AT A MACH NUMBER OF 1.43* 
T 

By Waldo L. Dickens 

SUMMARY 

A f ive-s tage dual-parachute recovery system, designed t o  recover 
a prototype air- to-surface guided missi le  during developmental t es t  
f i r i n g s ,  has been f l i gh t - t e s t ed  on a ground-launched, rocket-boosted, 
f u l l - s c a l e  model weighing 1,368 pounds. 

A t r a j e c t o r y  was se lec ted  f o r  t h e  model t o  approximate c lose ly  t h e  
Recovery f l i g h t  operat ing conditions f o r  t h e  two recovery parachutes. 

of t he  model was i n i t i a t e d  at a Mach number of 1.43 and a dynamic 
pressure of 1,753 lb / sq  f t .  

The maximum loads experienced by t h e  FIST ribbon-type drogue para- 
chute were approximately 8,000 pounds when opened t o  t h e  reefed s tage 
and about 9,850 pounds when opened t o  t h e  f u l l y  blossomed condition. 
The m a x i m u m  loads experienced by the  extended-skirt  main parachute 
were less than t h e  design loads.  

Parachute drag da ta  have been presented f o r  Mach numbers from 0 
t o  1.43, and t h e  f l i g h t  program i s  discussed. 

INTRODUCTION 

"he recovery of la rge  prototype missiles during developmental tes t  
firings i s  a t t r a c t i v e  f o r  severa l  reasons. Since missiles with complex 
guidance and propulsion systems are expensive, it i s  obviously an 
economic advantage t o  recover t h e  t e s t  vehic le  f o r  repeated use. 
advantage i s  e spec ia l ly  real where a s p e c i f i c  configuration must undergo 
a lengthy series of f l i g h t  tests. 

This 

Recovery of the  test  vehicle  a l s o  

Unclassified.  
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provides an opportunity t o  determine the  cause of any system malfunction 
which may occur during t h e  f l i g h t .  For these  reasons, t he re  i s  much 
i n t e r e s t  a t  t h i s  time i n  t h e  parachute as a recovery device. 

An air-to-surface,  rocket-powered mis s i l e  under development f o r  t h e  
Navy w i l l  employ a f ive-s tage  dual-parachute system f o r  recovery of t h e  
miss i le  from supersonic speeds during developmental test f i r i n g s .  The 
Applied Materials and Physics Division of t h e  National Aeronautics and 
Space Administration a s s i s t e d  i n  t h e  evaluation of t h e  proposed parachute 
recovery system by proof- tes t ing  t h i s  system on ground-launched, rocket- 
boosted, f u l l - s c a l e  dummy models of t h e  missile. 

A booster system was se l ec t ed  and t r a j e c t o r i e s  were planned with , 3  
* E  

E which t h e  des i red  f l i g h t  operating conditions of the parachutes could 
be approximated with a model i n  f r e e  f l i g h t .  

J 

Although t h e  test  discussed here in  was conducted by the  missile 
contractor i n  cooperation with personnel of t h e  White Sands Miss i le  
Range, previous tests (unpublished) conducted a t  t h e  NASA Wallops 
S ta t ion  with t h e  same test  vehic le  contributed t o  t h e  development of 
the recovery system used i n  t h i s  t es t .  Such modifications as an 
increase i n  t h e  allowable load l i m i t  of t h e  drogue-parachute a t tach-  
ment points, a change i n  t h e  drogue-parachute suspension-line arrange- 
ment, changes i n  parachute packaging, and deployment scheduling were 
made on t h e  basis of r e s u l t s  of t h e  previous tests conducted a t  t h e  
NASA Wallops S ta t ion .  
overland s i t e  f o r  t h e  test  discussed here in  was made i n  order t o  
f a c i l i t a t e  recovery and examination of p a r t s  o r  components which 
might f a i l  t o  operate properly during t h e  t es t .  

Se lec t ion  of t h e  White Sands Miss i le  Range 

The purpose of t h i s  paper i s  t o  present t h e  parachute drag d a t a  
obtained f o r  Mach numbers from 0 t o  1.43 and t o  d i scuss  t h e  f l i g h t -  
tes t  technique used i n  t h i s  program. 

MODEL, PARACHUTES, INSTRUMENTATION, AND BOOSTER VEHICLE 

Model 

Aphotograph and t h e  dimensions of t h e  model are shown i n  f i g -  
ure 1 and f igu re  2, respec t ive ly .  The model had a fineness r a t i o  
of 9.3 and consisted of a truncated-cone forebody wi th  an ogive nose, 
a cy l ind r i ca l  centerbody, and a conica l  afterbody. The model was 
14.7 f ee t  long and had a maximum diameter of 19.0 inches i n  t h e  center -  
body. 
sweepback angle of 62.1' and an aspect r a t i o  of 1.74 was agq,#&$ 

A 4.0-percent-thick clipped delta wing having a leading-edge 
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t he  bottom of the  fuselage.  
d e l t a  planforms) were in te rd ig i ta ted  with respect  t o  t h e  wing. Since 
t h i s  model had no guidance o r  control, a s ing le ,  l a rge r ,  v e r t i c a l  f i n  
was mounted on top of t h e  fuselage t o  increase d i r ec t iona l  s t a b i l i t y  
a t  t h e  higher Mach numbers. 

Four s t ab i l i z ing  f i n s  ( a l s o  having clipped 

The e n t i r e  model was fabricated from s t e e l  and had a t o t a l  weight 
of  1,368 pounds. 
These conditions were selected t o  duplicate those of t h e  prototype 
missile a t  i n i t i a t i o n  of recovery. 

The center  of gravi ty  was 100 inches behind the  nose. 

Parachutes 

The recovery parachutes (drogue and main) were s tored i n  separate  
can i s t e r s  i n  a compartment on t h e  l e f t  s ide  of t he  fuselage as shown 
i n  f igu re  2. A j e t t i sonab le  hatch cover f o r  t h i s  compartment was 
secured t o  t h e  fuselage with explosive b o l t s  t h a t  re leased the  cover 
when drogue-parachute deployment was i n i t i a t e d .  The parachutes were 
propelled i n t o  t h e  airstream by explosive charges placed beneath t h e i r  
respect ive can i s t e r s .  

The drogue parachute was a 22-percent-porosity, FIST ribbon-type, 
nylon parachute having a f l a t  diameter ( c lo th  diameter when spread out 
on a f l a t  surface)  O f  5.4 f e e t .  A reefed stage,  having a diameter of 
1.5 feet  a t  t h e  reef ing  cord, was employed t o  reduce t h e  i n i t i a l  load 
experienced by t h e  drogue parachute. The drogue parachute was sus- 
pended from t h e  model by twin nylon r i s e r s  t h a t  a t tached t o  mounting 
lugs on t h e  top  and t h e  bottom of  the fuselage 176.5 inches behind t h e  
nose. 

The main recovery parachute was made of nylon c lo th  and had a f l a t  
diameter of 37.1 f e e t .  
( taken during a p re f l igh t  check) i s  shown i n  figure 3. 
s tages ,  having diameters of 2.6 feet and 3.8 f e e t  a t  t h e  reef ing cords, 
were used t o  reduce t h e  loads experienced by t h e  main parachute. 
cords on both parachutes were severed with reef ing  cu t t e r s .  
parachute was suspended from the  model by a s ing le  nylon r i s e r  l i n e  
t h a t  was at tached t o  a swiveled f i t t ing ins ide  t h e  parachute storage 
compartment a t  a s t a t i o n  143.8 inches behind t h e  nose. 
sketch showing both of t h e  in f l a t ed  parachutes and t h e i r  suspension 
arrangements. Dimensional da ta  a r e  a l so  shown i n  t h i s  f igure .  Design 
allowable l i m i t  load, as s t a t e d  by the contractor ,  i s  12,000 pounds 
f o r  both drogue parachute and main parachute. 

A photograph of t he  unreefed main parachute 
Two reefed 

Reefing 
The main 

Figure 4 i s  a 
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Instrumentat ion 

Drogue-parachute load da ta  were measured with load c e l l s  i n s t a l l e d  

There was no load-cel l  
on the  model a t  the  drogue-parachute attachment poin ts  and were telem- 
etered i n  f l i g h t  t o  a ground receiving s t a t i o n .  
instrumentation on the  main parachute. Accelerations along the  longi- 
tud ina l  and normal body axes were measured near t h e  center  of g rav i ty  
of the  model. Tota l  pressures  were a l so  measured i n  f l i g h t .  The con- 
t r a c t o r  i n s t a l l e d  a l l  model instrumentation and supplied and operated 
the  ground receiving s t a t i o n .  

Velocity and t r a j e c t o r y  da ta  were obtained with t h e  White Sands 
Missile Range theodol i te  system. Mach number and dynamic pressure 
were reduced from measured values of ve loc i ty  and atmospheric da ta  
obtained with an atmospheric sounding balloon. 

Booster Vehicle 

1 
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An Honest John rocket motor was used t o  boost t he  model t o  super- 
sonic speeds. This rocket motor produced a burnout ve loc i ty  g rea t e r  
than the desired recovery-ini t ia t ion ve loc i ty  and allowed f o r  a f r ee -  
f l i g h t  model coast  period a f t e r  model-booster separat ion ,pr ior  t o  para- 
chute e ject ion.  The standard m i l i t a r y  Honest John f i n s  were replaced 
by f in s  (designed by NASA) which had an exposed area of 12 sq f t  per  
panel.  These f i n s  provided adequate s t a b i l i t y  for t h e  model-booster 
combination during powered f l i g h t  and no o ther  s t a b i l i z a t i o n  was 
required. The f i n s  were mounted a t  an angle of incidence of 0' with 
respect t o  t h e  booster  t h r u s t  l i n e  and were i n t e r d i g i t a t e d  45' with 
respect t o  the  model wing plane.  The v e r t i c a l  cen ter  of g rav i ty  of t h e  
model was a l ined  with t h e  booster  t h r u s t  l i n e  i n  order t o  e l iminate  
t h r u s t  misalinement and reduce aerodynamic t r i m .  
model-booster combination i s  shown i n  f i g u r e  5 .  The following t a b l e  
presents the  weights of t h e  various components i n  t h e  model-booster 
comb i n a t  ion : 

1 A drawing of t h e  

Weight of Honest John rocket motor, l b :  
L o a d e d . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  3,880 
Burned out . . . . . . . . . . . . . . . . . . . . . . . . . .  1,830 

Weight of booster f i n s ,  l b  . . . . . . . . . . . . . . . . . . .  414 
Weight of adapter (booster t o  model), l b  . . . . . . . . . . . .  431 
Model weight, lb . . . . . . . . . . . . . . . . . . . . . . . .  1,368 
Tota l  weight of model-booster combination, lb :  

Loaded . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6,093 
Burned out . . . . . . . . . . . . . . . . . . . . . . . . . .  4,043 
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FLIGHT TEST 

The model-booster combination was launched a t  an elevat ion angle 
of 50°. 
sented as figure 6. 
times a f t e r  launch by means of an automatic t imer .  
i s  a schedule of events of the  recovery tes t  (as determined by te lemetry 
da ta )  and a l s o  presents  corresponding values of a l t i t u d e ,  veloci ty ,  
dynamic pressure,  and Mach number: 

A photograph of t he  model and booster  on t h e  launcher i s  pre- 

The following t a b l e  
The recovery parachutes were deployed a t  prese lec ted  

Event 

Launch 

Model-booster separation 

Stage 1: drogue parachute 
deployed, reefed 

Stage 2: drogue parachute 
unreefed 

Stage 3 :  main parachute 
deployed, reefed 

Stage 4: main parachute, 
second reefed stage 

Stage 5: main parachute 
unreefed 

Model impact 

rime from 
launch, 

sec 

0 

7.24 

11.43 

15.65 

61.10 

64.40 

67.50 

141 

Rltitude above 
sea level,  

f t  

4,000 

io, 700 

15,100 

17,600 

8,600 

7,600 

7,000 

4,000 

Velocity, 
f t /sec 

Dynamic 
pressure, 
lb/sq f t  

0 

3,010 

1,753 

$3 

84 

52 

11 

2 

Mach 
number 

0 

1-73  

1.43 

.85 

.28 

.22 

.10 

.04 

Figures 7 and 8 are photographs taken during t h e  recovery tes t  and 
show, respec t ive ly ,  t h e  drogue parachute deployed and the  main parachute 
deployed. The drogue parachute i s  normally j e t t i soned  before main para- 
chute deployment, but  f o r  t h i s  test  it was purposely held attached t o  
t h e  model (see f i g .  8) so t h a t  it could be recovered and examined f o r  
poss ib le  damage. 

ACCURACY 

Maximum e r r o r s  of t h e  accelerat ions and t h e  combined load-cel l  
da t a  as supplied by t h e  contractor  and t h e  theodol i te  as given by t h e  

* 



6 
w e  
4.0 
o o e  

White Sands Missile Range are tabulated as follows: 

Longitudinal acce lera t ions  ( f o r  a f10.0g range) ,  g u n i t s  . . . .  
Normal accelerat ions ( f o r  a +lO.Og range) ,  g u n i t s  . . . . . . .  

f1.0 
f l . O  

Combined load -ce l lva lues ,  lb . . . . . . . . . . . . . . . . .  f400 
Velocity, f t / s e c  . . . . . . . . . . . . . . . . . . . . . . . .  k25 

The frequency response of the  accelerometers was about 40 cycles  per 
second. 

RESULTS AND DISCUSSION 

A l l  t he  data presented herein were made ava i lab le  t o  the NASA by 
the  contracter .  

Figure 9 shows t h e  model a l t i t u d e  as a funct ion of hor izonta l  range, 
Mach as determined wi th  the  White Sands Missi le  Range theodol i te  system. 

number, veloci ty ,  and dynamic pressure a r e  shown as funct ions of time 
i n  f igure 10. 
about 30 seconds after launch occurred after the model passed the apogee 
of i t s  t r a j e c t o r y  and started on a descending f l i g h t  path.  
values in  f igure  10(b) show am average descent rate of 40 f t / s e c  w i t h  
t h e  main parachute f u l l y  open (s tage  5 ) .  

The increase i n  ve loc i ty  and Mach number beginning a t  

Velocity 

Figure l l ( a )  shows a por t ion  of the time h i s t o r y  of t he  indicated 
longi tudinal  and normal acce lera t ions  f o r  the model alone ( j u s t  p r i o r  
t o  parachute deployment) and f o r  t he  model-drogue-parachute combination 
as obtained from the  accelerometers. Since t h e  accelerometers were 
mounted s l i g h t l y  off  t he  center  of g rav i ty  of t h e  model, they ind ica t e  
not only t h e  t r ans l a to ry  acce lera t ions  but  a l s o  the acce lera t ions  due 
t o  angular ve loc i t i e s  and angular acce lera t ions .  The angular motions 
were not measured and therefore  the parachute loads reduced from the  
indicated longi tudina l  acce lera t ions  are only an approximation of t h e  
t r u e  parachute loads. 

Figure ll(b) presents  a comparison of drogue-parachute loads obtained 
from the load c e l l s  and drogue-parachute loads reduced from the  longi-  
t ud ina l  acce lera t ions  of f igu re  l l ( a ) .  The load c e l l s  measure drogue- 
parachute loads only, whereas t h e  accelerometer i nd ica t e s  the loads of 
the model-parachute combination. I n  order  t o  compare these two sources 
of data ,  it was necessary t o  subt rac t  the drag of the model alone (drag 
indicated by the longi tudina l  accelerometer j u s t  p r i o r  t o  drogue-parachute 
deployment) from the drag of t h e  model-parachute combination. 

)rp 
1 

t 

1 

1 
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Since recorded da ta  indicated t h a t  one of the load c e l l s  fa i led  t o  
function co r rec t ly  during the  t es t ,  the curve f o r  t he  load-ce l l  data i n  
f igu re  l l ( b )  w a s  determined by doubling the values obtained with t h e  
c e l l  t h a t  appeared t o  funct ion properly. It i s  believed t h a t  t h i s  pro- 
cedure would not introduce any grea t  e r r o r  i n  the  load-ce l l  data because 
t h e  drogue-parachute suspension system allowed approximately an equal 
d i s t r i b u t i o n  of loads between the  two load c e l l s  e.t the  attachment 
poin ts .  The poor agreement between load-cel l  da t a  
and accelerometer da ta  near 16.0 seconds ( s tage  2)  i n  f igu re  l l ( b )  i s  
bel ieved t o  be l a rge ly  due t o  an angular ro ta t ior ,  of the  model which 
caused low indicated values of longi tudinal  acce lera t ion .  
l a rge  increase i n  normal accelerat ion near 16.0 seconds ( f i g .  l l ( a ) )  
ind ica tes  t h a t  t he  model was pitching a t  t h i s  time. 

(See f i g .  4(a) .) 

The r e l a t i v e l y  

The load-ce l l  da ta  of f igure  l l ( b )  ind ica te  maximum load values 
of 8,000 pounds f o r  t h e  reefed drogue parachute and 9,850 pounds f o r  
t h e  unreefed drogue parachute. 

A s  s t a t e d  earlier the  drogue parachute was held attached throughout 
t h e  model f l i g h t ,  but  t h e  load c e l l s  indicated t h a t  t he  drogue-parachute 
drag was e s s e n t i a l l y  zero after main-parachute deployment. 

Measured values of longi tudina l  and normal acce lera t ions  of t h e  
model-main-parachute system a r e  shown as a funct ion of time i n  f i g -  
ure  12(a) ,  and t h e  incremental loads due t o  main-parachute deployment 
are shown i n  f igu re  12(b) .  
subt rac t ing  t h e  drag of the model-drogue-parachute combination (drag 
indicated by t h e  longi tudina l  accelerat ions a t  61.0 seconds, j u s t  p r i o r  
t o  main-parachute deployment) from t h e  t o t a l  drag indicated after main- 
parachute deployment. These incremental loads ( f i g .  12(b) ) i nd ica t e  
t h a t  t h e  maximum loads experienced by t h e  main parachute were wel l  
within t h e  12,000-pound design load condition. 

The incremental loads were obtained by 

Tota l  drag of t h e  model and parachutes i n  terms of t h e  param- 

i s  presented as a funct ion of Mach number i n  Drag 
Dynamic pressure 

Values of t o t a l  drag used i n  determining t h i s  parameter 

eter 

f igu re  13. 
were reduced d i r e c t l y  from measured values of longi tudina l  acce lera t ions .  

CONCLUDING RENARKS 

A f ive-s tage  dual-parachute system has been used successful ly  t o  
recover a 1,368-pound model of an air- to-surface missile with recovery 
i n i t i a t e d  at  a Mach number of 1.43 and a dynamic pressure of 
1,753 lb/sq f t .  The loads experienced by the  parachutes during t h i s  
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recovery t e s t  d id  not exceed t h e  design conditions (12,000 pounds allow- 
ab le  l i m i t  load) of t h e  parachutes. The descent speed of t h e  model with 
main parachute unreefed was approximately 40 f t / s e c  a t  an a l t i t u d e  of 
4,000 fee t  above sea l eve l .  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va. ,  November 3 ,  1960. 
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F l a t  diam., Reefing l i n e  
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Load cells instal led hers 

(b) Main parachute. 

Figure 4.- The recovery parachutes in the fully blossomed condit 
(Not drawn to scale.) All dimensions are in feet. 

Ir, 

e.. 
0. .  
0 .  ... 
0.. 

(a) Drogue parachute, 

ion. 

Y 



. 
I 

B 

0 I 
. I  I 

c, 

d 
: 
rl 
P liL 0 

0 

cu 
I 4  

4 

\ 

I ? -  

_I 
I z 

k 
5" 
P 

c, 
m 
0 
0 
P 
c, 
d 

W 
0 

. 
8 
E 
rl 
c, 

4 
P R 
0 
0 

al 
k 
cd 
ffl 
!z 
0 

. r i  
ffl c 
.i a 
d 
d 
4 

c 
0 
.d 
c) 
id 
E: 

3 
E 
0 
0 

ffl 
0 
0 

I 

L n  

0 
k 
? 
M 



14 

P 
t: 

8 

L 

~60-6931 
Figure 6.- Model-booster combination on launcher. 



. L- 60 -6932 
Figure 7.- Drogue parachute in unreefed condition. 
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6’ L- 60- 6933 
Figure 8.- Main parachute in unreefed condition. (Drogue parachute 

attached. ) 
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(b) Velocity.  
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Figure 10.- Var i a t ion  of  t e s t  condi t ions wi th  t i m e  a f t e r  launch. 
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(a) Longitudinal and normal accelerat ions.  
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(b) Drogue-parachute loads. 

Figure 11.- Measured longitudinal and normal accelerat ions of t h e  
model-drogue-parachute system, and a comparison of drogue- 
parachute loads, measured with load c e l l s ,  with drogue loads 
reduced from the  longi tudinal  accelerations.  
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(a) Longitudinal and normal accelerations. 

G 

c 

\ 
t 
t 
C 
C 

6000 

a P 
d 

n 
. 

4000 
0 
4 
d 
(d 
c, 
c 2000 
$ 

x 
Q 
k 

H 
0 - - 

64  65 66 67 68 4 9 '6'1 6 2  

Time after launoh,see 

(b) Main-parachute loads. 

Figure 12.- Measured longitudinal and normal accelerations Of the model- 
main-parachute system and incremental loads reduced from longitudinal 
accelerations. f* 
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